We report Li isotope composition (δ7Li) of river-borne dissolved and solid material in the largest River system on Earth, the Amazon River basin, to characterize Li isotope fractionation at a continental scale. The δ7Li in the dissolved load (+1.2‰ to +32‰) is fractionated toward heavy values compared to the inferred bedrock (−1‰ to 5‰) and the suspended sediments (−6.8‰ to −0.5‰) as a result of the preferential incorporation of 6Li into secondary minerals during weathering. Despite having very contrasted weathering and erosion regimes, both Andean headwaters and lowland rivers share similar ranges of dissolved δ7Li (+1.2‰ to +18‰). Correlations between dissolved δ7Li and Li/Na and Li/Mg ratios suggest that the proportion of Li incorporated in secondary minerals during weathering act as the main control on the δ7Lidiss across the entire Amazon basin. A "batch" steady-state fractionation model for Andean and lowland rivers satisfactorily reproduces these variations, with a fractionation factor between weathering products and dissolved load (αsec-disαsec-dis) of 0.983 ± 0.002. Two types of supply-limited weathering regimes can be identified for the lowlands: "clearwaters" with dominant incorporation of Li in secondary minerals, and "black waters" (e.g., Rio Negro) where dissolution of secondary minerals enhanced by organic matter produces low δ7Li. Apart from the black waters, the δ7Li of Andean and lowland rivers is negatively correlated to the denudation rates with the lowest δ7Li corresponding to the rivers having the highest denudation rates. In contrast, the main tributaries draining both the Andes and the lowlands have higher δ7Li compared to other rivers. We propose that part of the dissolved Li derived from weathering in the Andes is re-incorporated in sediments during transfer of water and sediments in floodplains and that this results in an increase of the dissolved δ7Li along the course of these rivers. Unlike other rivers, the dissolved δ7Li in the main tributaries is best described by a Rayleigh fractionation model with a fractionation factor αsec-disαsec-dis of 0.991. Altogether, the control imposed by residence time in the weathering zone and floodplain processes results in (i) a non-linear correlation between dissolved δ7Li and the weathering intensity (defined as W/D) and (ii) a positive relationship between the dissolved Li flux and the denudation rate. These results have important implications for the understanding of past ocean δ7Li and its use as a paleo weathering proxy. 
31
The recently published Li isotope seawater record over the Cenozoic by Misra and Froelich (2012) Following Gaillardet et al. (2014) and Bouchez et al. (2013) , the proportion of lithium transported in 181 the suspended load (e Li in %) can be calculated by the Eq. (1) :
with [SPM] being the concentration of suspended sediments (in g/L), [Li] sed and [Li] diss the Li concen-tration in sediments (in ppm) and water (in ppb) from Dellinger et al. (2014) and Tables (1 and 2 ). Here we 184 use the long-term average of sediment fluxes derived from both sediment gauging (Meade et al., 1979; Guyot 185 et al., 1996; Wittmann et al., 2011) and comogenic nuclides (Wittmann et al., 2011) when available (values 186 are reported in Table S1 ) rather than the instantaneous sediment flux measured the day of the sampling 187 because daily SPM concentration can vary over three orders of magnitude depending on the hydrological 188 stage (e.g. Armijos et al., 2013) . Between ∼ 40 and 97% of Li is transported in the solid form in the Amazon 189 rivers (Fig. 4) . For most of the river samples, this proportion is higher than 95%. The lowland rivers, es-190 pecially those draining the shields have the highest proportion of Li transported in the dissolved load, (e.g.
191

Tapajós and Trombetas rivers). This difference between lowland and Andean rivers is consistent with the
192
results for the Orinoco River (Huh et al., 2001) . It should be noted that this calculation does not take into sediments toward the bottom of the river due to the dilution with quartz minerals (Dellinger et al., 2014) .
195
The predominant form of Li transported in the Amazon River basin is thus the solid phase in agreement   196 with what was found at the global scale (Misra and Froelich, 2012; Li and West, 2014 Only few data on Li concentration and isotope composition of rainwater have been reported so far tiner and Henderson, 2003; Pogge von Strandmann et al., 2006 , 2010 Lemarchand et al., 2010; Millot et al., 205 2010a). These studies have shown that Li in rainwater derives from both marine aerosol and silicate mineral 206 dust. Following Gaillardet et al. (1997) , we assume that dust-derived trace elements in rainwater are sourced 207 from the Amazon Basin itself and perform a correction only for marine aerosols using the characteristics of 208 modern seawater. The seawater Li/Cl ratio is on average equal to 5.10 −5 (Millot et al., 2010c) and its δ 7 Li 209 = +31 (Millot et al., 2007) . The concentration of the element X deriving from atmospheric input is :
The maximum estimated chlorine concentration deriving from marine inputs ([Cl] rain ) has been assumed 211 to be 20 µmol.L −1 for large Amazon tributaries (Gaillardet et al., 1997 ) and 3 to 8 µmol.L −1 for the eastern 212 river basins in Bolivia, Peru and Ecuador (Stallard and Edmond, 1981; Moquet et al., 2011) . The calculated
213
[Li] rain is low, with a maximum estimated contribution of rainwater-derived Li of ∼ 2% for the shield rivers, derived from halite dissolution is :
Assuming congruent dissolution of halite and using a mean Li/Na value of 3 × 10 −5 for marine evaporites
225
( Reeder et al., 1972; Kloppmann et al., 2001; Imahashi et al., 1993) (depending of the clay mineral phase) as indicated by studies on Mg isotopes (Tipper et al., 2006 (Tipper et al., , 2012 262 Huang et al., 2012; Wimpenny et al., 2014, e.g.,) . Another complication for the use of Mg is the influence 263 or carbonates. These issue are addressed in the appendix A. With the (Li/X) 0 of each river estimated in the previous section, it is possible using Eq. (5) to this mass balance model as the "batch" system although it should be emphasized that the mass transfer 380 underlying this model is different from that of a true batch model.
381
Another fractionation model is the Rayleigh distillation model, where secondary products do not re-
382
dissolve. In this model, the isotope composition of the dissolved load can evolve toward higher Li isotope 383 composition than in the batch model.
The exceptionally large range of f
Li diss values in the Amazon rivers allows us to discriminate between 385 these two models. At first order, both models are able to explain the variability in δ 7 Li diss of Amazon basin 386 rivers ( Fig. 7) . However, the data are better explained by two separate trends : (i) a "batch" fractionation For the first set of rivers, the linear trend ( Fig. 7) shows that as a whole, each river basin can be 392 reasonably described as a single "batch" reactor (Eq. 7) with its own characteristic f Li diss value. Therefore, 393 the variability in δ 7 Li diss across these rivers stems from a similar process (same α sec−diss ) and type of mass 394 exchange between compartments ("batch" model), but characterised by a different extent of reaction (f Li diss ).
395
A linear trend as observed in Fig. (7) does not result from a mixture between end members (such mixing 396 trend would be an hyperbola).
397
The slope of the correlation (Fig. 7 ) yields a fractionation factor between dissolved and secondary pro- 
407
The second set of rivers define a specific Rayleigh trend with a fractionation factor α sec−dis of 0. We focus in this section only on the rivers fitting the "batch" fractionation model in Fig. (9.a) Amazon basin.
471
In the Andes, high denudation rates prevail, which lead to short residence times of solid in soils and rivers.
472
Under these conditions, weathering regime is said to be "weathering-limited". The δ 7 Li of rivers draining the
473
Bolivian Andes defines a negative correlation with cosmogenic nuclide-derived denudation rates, on which 474 also fit the lowland "clear water" rivers ( Fig. 9.a) Fig. 9.a) . Indeed, at these low denudation rates, clays reside in the weathering zone for a very long , 1997; Deberdt et al., 2002) . The dissolved δ 7 Li of shield rivers is well correlated to both the 510 dissolved Al/Li ratio and pH (Fig. 10) . The most Al-depleted rivers correspond to the "clear water" rivers 511 and have relatively high δ 7 Li compositions while the most Al-rich rivers have low pH values and δ 7 Li, and 512 correspond to the "black water" rivers like the Negro River.
513
The "clear water" rivers (e.g. Tapajós River) contain lower levels of dissolved organic carbon and drain lateritic soils, rich in kaolinite and iron-oxides, and developed on the shield and tertiary sediments (Stallard 515 , 1983; Fritsch et al., 2011) . In such environments, the formation of kaolinite during present-day 516 dissolution-precipitation processes results in a limited loss of Al and Fe compared to Si (Fritsch et al., 2011) .
517
We suggest, similarly to the study of Ryu et al. (2014) that Li is also retained in the solid residue, and that The large tributaries, that are not well described by a "batch" fractionation model in Fig. (7) , do not plot 546 on the correlation between denudation rates and δ 7 Li. Therefore their isotope composition is not controlled 547 only by the mineral residence time in the soil weathering zone and another mechanism must be considered.
548
These main tributaries of the Madeira and Solimões (draining both the Andes and the lowlands areas) at 
572
Another approach is to use the correlation between the denudation rate and the dissolved Li flux (Fig.   573 9c). At first order, the dissolved Li flux is related to the denudation rate as described in the section 6.1. The exact mechanism responsible for Li uptake in the floodplains can only be speculated at this stage to 90% of the dissolved lithium entering the floodplain reaches is removed in solid weathering products in 608 the floodplain (Fig. 11) . Therefore, the dissolved flux of Li is significantly reduced by incorporation of Li 609 into secondary products when water travels through in the floodplains. derived from the Andes is removed from the dissolved load in floodplains.
617
We found no clear relationship between δ 7 Li diss , dissolved Li fluxes and silicate weathering rates or runoff. supply-limited weathering regimes produce low values of δ 7 Li (1-15) and dissolved Li fluxes (Fig. 9) .
627
Weathering-limited regimes in the Andes having very low weathering intensity (W/D < 0.01) have also 628 relatively low δ 7 Li similar to supply-limited settings (Fig. 12 ) but much higher dissolved Li fluxes (Fig. 9 ).
629
Therefore, both high and low weathering intensity produce low δ 7 Li values, but at very different Li fluxes. of Li mass balance, we show how its translation in terms of (present or past) weathering regime is equivocal : rates in general remains to be quantified, for both present-day conditions and past variations.
684
Appendix A : the inversion mixing model between rain, evaporites, carbonates, shales and 685 igneous rocks
686
The inverse mixing model used here is similar to one by Gaillardet et al. (1997) applied to the Amazon
687
Basin. The main difference is that in the Madeira and Solimões tributaries, we consider two silicate end-members (igneous rocks and shales) instead of one as in Gaillardet et al. (1997) . For each dissolved species
689
(X) of a river, the following mixing equations are : 
with X = Sr, Ca, Mg, HCO 3 ; i = rain, evaporite, shale, igneous rock and carbonate and γ 
695
For the rain, carbonate and evaporite end-member, we use the same Na-normalized ratios as Gaillardet Edmond (1983) . Therefore, here we use an intermediate mean (Sr/Na) ev value of 2 ± 1 × 10 −3 to correct 700 for Sr deriving from evaporite dissolution.
701
The shale weathering end-member can be constrained using the chemical composition of the Challana
702
and Chepete rivers, which only drain shales. We estimate the respective values for the shale end-member 703 from the chemical composition of these two rivers, corrected from atmospheric inputs : (Ca/Na) sha = 0.4 ± 704 0.2, (Mg/Na) sha = 0.5 ± 0.3, (HCO 3 /Na) sha = 1.5 ± 1.0, (Sr/Na) sha = 1.5 ± 0.5, ( 87 Sr/ 86 Sr) sha = 0.732 ± 705 0.005. The error bar reflects our knowledge of the parameters.
706
The igneous rocks in the Solimões basin are andesites in the north (Napo, Pastaza and Morona rivers) and 707 both andesites and granodiorites in the south (Maronon, Huallaga and Ucayali and evaporite inputs to estimate the composition of the pure igneous rock end-member : (Ca/Na) ign = 0.8 719 ± 0.3, (Mg/Na) ign = 0.3 ± 0.2, (HCO 3 /Na) ign = 3.7 ± 0.7 and (Sr/Na) ign = 4.8 ± 0.6.
720
Appendix B : determination of the (Li/X) 0 and f
Li diss values
721
The fraction of Li left in solution after secondary solids formation can be calculated using Eq. (5). With 722 the example of sodium, the (Li/Na) 0 can be calculated by the following Equation (12) :
Where γ Na i
are the mixing proportions of each source i calculated by the equations (10) and (11) and
the ratio (Li/Na) of the rock source i.
725
Na and Mg can both be used as conservative tracers, each of them presenting advantages and caveats.
726
In some contexts Mg can be incorporated significantly in secondary minerals like smectite. In addition, part 727 of the dissolved Mg derives from carbonate weathering (Gaillardet et al., 1997; Moquet et al., 2011) or in 728 the case of some Solimões catchments from the weathering of gypsum (Moquet et al., 2011) . Therefore,
729
an additional correction is needed to obtain silicate-derived Mg whereas Na* can be directly used as Na sil .
730
However, Li and Mg are contained in the same primary minerals phases because they have a similar ionic 731 radius, and hence are most likely released stochiometrically into solution (Huh et al., 1998 correction results in large uncertainties in the determination of Na* (Gaillardet et al., 1997) . In this study,
735
we use Li/Na ratios for Anean rivers and both Li/Na and Li/Mg ratios for shield rivers.
736
Estimation of the (Li/Na) 0 ratio in the Madeira and Solimões river basins
737
In the Madeira river basin, the lithology is uniform and corresponds almost exclusively to Paleozoic (in 738 the Andes) and Tertiary (in the lowlands) sedimentary rocks having a shale-type composition (Stallard and , 1983; Roddaz et al., 2005) . The largest database of Li concentrations in shales is from Ronov et al.
740
(1970). According to Holland (1984) and based on the database of Ronov et al. (1970) , the mean Li and (Li/Na)* (table S3) . 
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